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Measuring the Properties of the Higgs Boson with
the ATLAS Detector
Jonas Strandberg on the behalf of the ATLAS Collaboration
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Abstract. The prospects for determining the properties of a Higgs boson like
particle discovered at the Large Hadron Collider using measurements with the
ATLAS detector are summarized. The properties discussed are the mass of the
boson, the strength of its couplings to fermions, the strength and CP structure of
the couplings to Weak bosons and its spin and CP quantum numbers.
1 Introduction
One of the major goals of the LHC is to understand the mechanism of Electroweak symmetry
breaking by searching for evidence of the Higgs boson. The most stringent constraints on the
mass of the Higgs boson comes from direct searches at LEP which excludes a Standard Model
(SM) Higgs boson with mass less than 114.4 GeV [1] and from the Tevatron which excludes the
SM Higgs boson mass range between 163 and 166 GeV [2]. Monte Carlo (MC) studies of the
sensitivity for a Higgs boson discovery with the ATLAS detector [3] indicate that the discovery
of the Higgs boson, if it exists, will be possible over the full mass range that has not yet been
excluded. Figure 1 shows the expected significance as a function of Higgs boson mass in the
most sensitive search channels for masses less than 220 GeV. If a Higgs boson like particle is
found, it is important to systematically measure the properties of the newly discovered particle
to establish its relation to the Electroweak symmetry breaking, constrain model predictions
and exclude alternative models as far as possible.
Fig. 1. The expected significance for a SM Higgs boson discovery contributed by various search channels
as a function of Higgs boson mass for 10 fb−1 of integrated luminosity with the ATLAS detector.
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2 Mass of the Higgs Boson
The mass of the Standard Model Higgs boson can be measured with a high precision in the
decay channels H → γγ and H → ZZ → 4` by direct reconstruction from the measured four-
momenta of the final state particles. The H → γγ channel is sensitive in the mass range below
about 150 GeV, the mass distribution for a Higgs boson with a mass of 120 GeV is shown in
Fig. 2 (left plot) and it has a resolution of about 1.4 GeV at this mass. The H → ZZ → 4`
channel is sensitive to a broad range of Higgs boson masses. Its resolution in the region below
the ZZ threshold of 180 GeV ranges from 1.8 GeV at MH = 120 GeV to 2.7 GeV at MH = 180
GeV. The resolution degrades slightly at higher masses, and is limited by the natural width of
the Higgs boson for masses around 250 GeV and higher. The expected mass distribution for a
Higgs boson with mass 130 (300) GeV in the H → ZZ → 4` channel is shown in the middle
(right) of Fig. 2.
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Fig. 2. Expected higgs mass resolution for a Higgs boson with mass 120 GeV in the H → γγ channel
(left) and for a Higgs boson with mass 130 GeV (middle) and 300 GeV (right) in the H → ZZ → 4`
channel.
3 Determination of the Higgs Boson Couplings
The prospects for the measurement of the couplings of the Higgs boson candidate to fermions
and gauge bosons were studied in [4] and [5] by performing a maximum likelihood fit to the
expected numbers of events in all the different ATLAS search channels. Sources of systematic
errors that were taken into account in the fit are the luminosity, detector effects, the background
normalization and the theoretical uncertainties on the relations between cross sections and
couplings. The event rate in any given channel can be approximated as







where Γ is the total Higgs boson width, Γp the partial width describing the production process
and Γx the partial width describing the decay. The expected relative uncertainty in each of the
search channels is shown in Fig. 3 for an integrated luminosity of 30 fb−1.
Since the total width, Γ , of the boson in the considered mass range is not known it is not
possible to extract the partial widths and couplings constants from the observed event rates
without some additional theoretical assumptions. Under the assumption that only one boson
contributes to the observed signal it is possible to perform a fit of ratios of partial widths.
The ratios are taken with respect to the partial width ΓW because the H → WW channel
has relatively high precision over the whole mass range used in the fit. The expected relative
uncertainties on the ratios of partial widths are shown in Fig. 4 (left plot) for an integrated
luminosity of 30 fb−1. The expected precisions for the ratios ΓZ/ΓW and Γγ/ΓW lie between
10% and 35%. For the ratios Γτ/ΓW and Γb/ΓW the relative uncertainties have larger values
between 30% an 60%.
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Fig. 3. Expected relative uncertainties for the rate measurements in the various search channels for
an integrated luminosity of 30 fb−1. The left plot shows the uncertainty for search channels were the
Higgs boson decays to either τ leptons, b quarks or photons. The right plot shows the expected relative
uncertainties for Higgs boson decays to W and Z bosons.
By making the additional assumption that the partial widths to weak bosons are not larger
than in the Standard Model values (ΓV < Γ
SM
V ), which is justified in any model containing
only Higgs doublets and singlets [5], the Higgs boson width can be constrained from above,
permitting a fit of the absolute couplings and the width. The expected uncertainties on the
absolute couplings obtained in this fit is shown in Fig. 4 (middle). The expected precisions
are typically around 20%-30%. With the exception of the Higgs boson coupling to b quarks
the expected precisions are all better than 50%. The same fit also allows for a determination
of any new contributions to the loops describing Hγγ and Hgg effective couplings and of an
undetectable width Γinv (accounting for anomalously large decays into light quarks or gluons)
of the Higgs boson by including three additional parameters Γγ , Γg and a new Γinv in the fit.
The expected precision on these three anomalous contributions are shown in Fig. 4 (right).
Fig. 4. The left plot shows the expected uncertainty on the relative partial decay widths for Higgs
bosons decaying to pairs of Z bosons, photons or τ leptons normalized to the partial decay widths for
the decay into a pair of W bosons for an integrated luminosity of 30 fb−1. The middle plot shows the
expected uncertainty on the absolute couplings determined in a fit to the rates in all search channels
when an additional theoretical assumption, ΓV < Γ
SM
V , is made. The right plot shows the expected
uncertainty on new anomalous partial widths for the Higgs boson obtained from the same fit. The middle
and right plot assumes an integrated luminosity of 30 fb−1 but for a combination of two experiments.
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The likelihood function used in the fit can be used to calculate the expected discrepancy
of the fit results for a Standard Model Higgs boson from the expectations in the Minimal
Supersymmetric Standard Model (MSSM). Results for the exclusion of regions in the MSSM
parameter space for several benchmark scenarios are shown in [5].
4 Determination of the Structure of the HV V Couplings
The structure of the coupling of the Higgs boson to weak bosons can be studied in the weak
boson fusion process. The sensitive observable used is the difference between the azimuthal
angles of the tagging jets which originate from the scattered quarks, ∆φjj . The expected fraction
of events as a function of ∆φjj for the Higgs boson with the SM coupling, an anomalous CP
even (CPE) and an anomalous CP odd (CPO) coupling is shown in Fig. 5 (left plot). The
prospects for the excluding a purely CP even or a purely CP odd effective HV V coupling for
a discovered Higgs boson are studied using a χ2 compatibility test of the ∆φjj distribution
and the expected distributions from the CPE and CPO anomalous couplings. This is shown in
Fig. 5 (middle plot) where the expected statistical precision is shown for a randomly chosen set
of MC events corresponding to 10 fb−1 of integrated luminosity for a Higgs boson mass of 160
GeV together with the templates for the CPE and CPO couplings. The expected sensitivity is
determined from an ensemble of 10, 000 such pseudo-experiments and is shown for the exclusion
of an CPE anomalous coupling in Fig. 5 (right plot). An anomalous CPE (CPO) coupling can
be excluded at the 5.3σ (4.5σ) confidence level for a Higgs boson with mass 160 GeV and 10
fb−1 of data in the H → WW channel. For lower Higgs boson masses, the H → ττ channel
can be used. For a Higgs boson with mass 120 GeV, an anomalous CPE (CPO) coupling can
be excluded at the 2.5σ (2.0σ) confidence level with 30 fb−1 of integrated luminosity [6].
Fig. 5. The left plot shows the expected ∆φjj distribution for a Higgs boson where the coupling in the
HV V vertex is either SM like or purely anomalous CP even or purely anomalous CP odd. The middle
plot shows the expected statistics for a Higgs boson with SM couplings for 10 fb−1 of data together
with the templates for CPO and CPE couplings. The right plot shows the expected result for excluding
a CPE anomalous coupling obtained from generating 10, 000 pseudo-experiments.
5 Determination of Spin and CP Quantum Numbers
The Landau-Yang theorem [7,8] implies that the spin-1 hypothesis for the Higgs boson can
be excluded if the decay H → γγ is observed. Irrespective of whether the H → γγ decay is
observed, it is possible to extract information about the spin and CP quantum numbers of the
Higgs boson from the angular correlations in the H → ZZ → 4` channel. This information can
be used to exclude certain anomalous combinations of spin and CP. Three main variables are
used to study the spin and CP of the Higgs boson in the H → ZZ channel: R, α and β [9].
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R is given by R = (L − T )/(L + T ), where L and T are the number of longitudinally and
transversely polarized Z bosons in the H → ZZ decay, respectively. The values for L and T
are obtained from fitting the distribution of the angle θ between the momentum of the negative
charged lepton and the direction of the receding Higgs boson in the corresponding Z boson rest
frame illustrated in Fig. 6 (left), to the function
G(θ) = T (1 + cos2 θ) + L sin2 θ. (2)
The parameters α and β are obtained from fitting the function
F (φ) = 1 + α cosφ + β cos 2φ (3)
to the distribution of the angle φ between the two decay planes of the Z bosons in the Higgs
boson rest frame shown in Fig. 6 (right). The theoretical distributions for R, α and β are shown
in Fig. 7 for the SM Higgs boson and for three anomalous combinations of spin and CP: spin-0
CP odd, spin-1 CP even and spin-1 CP odd.
Fig. 6. Definitions of the angle θ between the momentum of the negative charged lepton and the
direction of the receding Higgs boson in the corresponding Z boson rest frame and the angle φ (right)
between the two decay planes of the Z bosons from the Higgs boson decay.
The prospects for the exclusion of the non-SM combinations for spin and CP quantum num-
bers have been studied in [9] by performing fits of parameterizations of the angular distributions
shown in Fig. 7 to the expected distribution from the Standard Model Higgs boson. Figure 8
shows the significance with which the anomalous spin and CP quantum numbers combinations
can be excluded with 100 fb−1 of integrated luminosity. The analysis of θ alone can rule out a
non-SM Higgs boson with a mass larger than about 230 GeV while the analysis of φ through
the coefficients α and β yields the strongest discriminating power for a Higgs boson mass close
to 200 GeV.
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Fig. 7. Plots showing the three observables used to determine the spin and CP quantum numbers
for the Higgs boson. The left plot shows the asymmetry variable R determined from the number of
longitudinally and transversely polarized Z bosons in the H → ZZ decay. The middle (right) plot
shows the parameter α (β) in the parameterization of the angle φ between the two decay planes of the
Z bosons in the H → ZZ decay.
Fig. 8. Expected significance for excluding three anomalous spin and CP quantum number alternatives
for the Higgs boson as a function of Higgs boson mass for an integrated luminosity of 100 fb−1.
